Background=objective: Long chain polyunsaturated fatty acids have beneficial effects in preterm neurophysiological development and are semi-essential. Their levels and variation in plasma and red cells in term and preterms are better known than their intestinal absorption. In this paper the absorption of supplemented arachidonic acid (AA) and docosahexaenoic acid (DHA) is evaluated in a preterm group. Design: Four newborn randomized groups were studied. Group T comprised 11 terms on regular formula. Preterms: group P (n ¼ 9) was on a classic preterm formula. Intervention: groups PA (n ¼ 9) and PB (n ¼ 13) were on the same formula but PB contained AA and DHA in similar proportion to breast milk. At 20 days a 3 day metabolic balance was taken for Ca, P i , Mg, total fat and individual fatty acids (C8 -C24, saturated unsaturated). Results: Calcium absorption was (mean AE s.d.) 51 AE 13% in terms. In preterms it was respectively 45 AE 18, 38 AE 11 and 37 AE 21%. Total fat absorption was 92.0AE 8.0% in terms, and from 95.0 AE 2.0 to 91.0 AE 8.0% in preterms. Absorption of 8:0, 10:0 and 12:0 showed a very high and constant rate despite significant intake differences (715 -33 mg=kg=day). Linoleic acid and a-linolenic acid were absorbed in the three groups at around 94% regardless of a greater LA intake in group P. Details of absorption (mg=kg=day) were: for AA, intake 17 AE 7, fecal excretion 5 AE 4, net retention 12 AE 5 (75.0 AE 18%); for DHA, intake 10 AE 3, fecal excretion 3 AE 2, net retention 6 AE 4 (62.3AE 30%). Conclusion: Intestinal absorption of fatty acids is high and is comparable in terms and preterms as regards the studied acids. Longer acids were less well absorbed. The supplemented amounts of AA and DHA were less well absorbed and probably not impairing calcium absorption. Sponsorship: University of Alicante, University of Miguel Hernández.
Introduction
Absorption of fat in term and particularly in preterm infants has been considered less effective than at older ages. This assumed fact even caused the modification of amounts and quality of this basic and energetic dietary component in scientifically designed formulas (Committee on Nutrition, 1993; Uauy et al, 1994; Koletzko & Sinclair, 1999) . Under normal conditions, the digestion of fat is initiated in the stomach by gastric lipase hydrolyzing up to 10% of fatty acid (FA) esterified in the sn-1 or sn-3 position (Hamosh et al, 1991) . These outer FA when reaching the duodenum will cooperate with bile salts to emulsify the fat droplets. Hydrolysis is to a greater extent carried out by the colipasedependent pancreatic lipase. This acts on triglycerides or diglycerides (TG or DG), hydrolyzing sn-1 and sn-3 linkages, thus giving FA and b-monoglycerides that can be absorbed by the enterocyte. Medium chain triglycerides, (MCT) were credited for a more direct and efficient absorption; 30% could be absorbed without hydrolysis. In preterm infants colipase-dependent pancreatic lipase presents a diminished activity, 70% of that of the adult at 16 -32 weeks of gestation (Lebenthal & Rossi, 1981) .
Nearly 70% of the abundant palmitic acid (16:0) in breastmilk is in the sn-2 position, thus contributing to a good absorption rate. Cow-fat-derived formulas with 80% of 16:0 in the sn-1 or -3 position were seen to cause greater calcium losses in the newborn and its lower absorption (Carnielli et al, 1995a,b) . Unesterified 16:0 units are not well absorbed and readily form soaps with calcium in the intestine (Innis et al, 1994) . Formula fats including some vegetable oils and fat blends have stearic (18:0) or myristic (14:0) acids in sn-1 or -3 positions. For the same reason their absorption could be impaired, with eventual energetic supply reduction (Bracco, 1994) . Absorption of free FA varies according to their structure: monounsaturated (90% of oleic acid 18:1n-9, in breastmilk is in sn-1 or -3 position), polyunsaturated and saturated FA of 12 carbons or less, are all well absorbed. Conversely sn-2 palmitic monoglyceride is better absorbed than the unesterified palmitic acid (Lien et al, 1994) .
Balance studies, when applied for measuring intestinal absorption, have shown some weaknesses, the main one being overestimation of net retention. However, primarily taking this into account their clinical use can bring valuable information on net whole retention, intestinal absorption and unabsorbed substances (Aggett et al, 1997) if a rigorous policy and quality controls are established throughout the whole procedure including pre-and post-balance periods. One could get a certain idea of the importance of docosahexaenoic acid (DHA) from the data on the accumulation in the whole body (Cunnanne et al, 2000) , in a normal full-term baby breastfed during the first 6 months of life, which would be about 10 mg=day breastmilk with a normal consumption (850 -900 ml=day) in a healthy baby, which could supply 60 -80 mg=day of DHA. The role and importance of long-chain polyunsaturated fatty acids (LCPUFAs) in newborn infant nutrition is supported by the following facts: important accumulation during the third part of gestation; their character of semi-essentiality, and the benefits on some physiological developmental aspects of the central nervous system in preterms (SanGiovanni et al, 2000) and terms (Birch et al, 2000) , at least during the first months (Bakker et al, 1999) of life. Thus intestinal absorption can be an important step for this net gain, particularly when formulas are used without the assumed better bioavailability of breastmilk components. Fat and fatty acid absorption studies are still required in view of the perhaps wide variation observed. It is important to establish these differences between preterm and term infants, especially for LCPUFAs (Morgan et al, 1998a,b) and also the different sources as they are better absorbed when coming from phospholipids (Carnielli et al, 1998) .
The aim is to evaluate in term and preterm infants on different formulas, the absorption of total fat, individual fatty acids and their eventual interference with calcium absorption. All of these are better achieved in breastmilkfed babies.
Methods

Study design
Forty-two babies initially made up a preterm group (P, PA, PB randomized subgroups) of 31 and a term group (T group) of 11 infants. All of them were appropriate size for gestational age, healthy and tolerating the initial feedings well (Table 1 ). The study formulas were standard for preterm and term infants and their composition after analysis of three aliquots, corresponding to the 3 day balance, appears in Table 2 . The preterm formulas, containing less fat than that of the terms, were different only in fatty acid composition: the P formula is a traditional one with a greater content of medium chain fatty acid and linoleic acid (LA, . In preterm formulas a-linolenic acid (a-LNA) was low but, according to the label, was adequate to provide the amounts required by the European Union norm (Directive 96), whereas formulas PA and PB were identical except for arachidonic acid (AA, and docosahexaenoic acid (DHA, 22:6n-3), present only in formula PB in similar proportions to breastmilk. In the case of the formulas used here the source was a mixture of vegetable oils and egg yolk phospholipid.
Balance
The balance has been described previously (Moya & Domé-nech, 1982; Moya et al, 1992) , but the following details (Moya et al, 1998 (Moya et al, , 1999a have been added. At approximately 15 days after birth a prebalance based on the studied formula was initiated and consisted of a full 4 day period of equilibration and assessing formula tolerance. It started at 6:00 am and for four 24 h periods, only intake was measured with high accuracy (AE 0.2 g). On the fourth day (5:30 am) a red marker added to the same formula signaled the beginning of the balance. From that moment intake, regurgitation or vomit, if present, and urinary excretion were measured with the same ) and a continuous collection of urine prevented incorrect weight being adding to the fecal-stained nappies, which were frozen after removal. After three complete days of balance a second red marker was given at the same time (5:30 am) then feces were collected until the red stool appeared, which was taken but not included. An aliquot of each daily prepared formula and both the fecal and urinary total output were stored in calcium-free containers at 720 C until processing. On the third day of balance, length, weight and head circumference were measured. The balanced substances were Ca, Mg, P i , total fat and individual fatty acid (8:26, saturated unsaturated).
Analysis
Total fat from formula and feces were quantitated by gravimetry (Folch et al, 1957) .
Individual fatty acids.
Pyrogallol was added before methylation to prevent oxydation. They were measured (Lepage & Roy, 1986 ) through gas-chromatography using a Shimadzu GC-14 machine with a flame ionization detector (250 C), equipped with a fused silica capillary column (30 m, 0.25 mm i.d., 0.25 mm film thickness; Omegawax 250, Supelco). Identification and quantitation of FA were done in comparison with retention times and area integration of known standards (Nu Chek Prep Inc). There was a confirmation through mass spectrometry (Shimadzu GC-17A QP-5000) in fecal samples, motivated by the small concentration of certain FA. Net retention expressed in mg=kg=day and percentage of absorption were obtained from the body weight, recorded daily, and from the differences between the quantitated amounts of intake and excretion of each fatty acid or the other products analyzed. In the case of the calcium, magnesium and phosphate, the 24 h urinary excretion was added to the fecal one.
Their results are expressed as wt%, meaning the percentage of weight in relation to the total weight of FA. Calcium and magnesium were quantitated by atomic absorption after ashing the aliquots of formula and feces and directly in the case of urine. Inorganic phosphate (P i ) was measured using a colorimetric technique (Boehringer) based on the method of Fiske-Subbarow.
Statistical analysis and presentation of data
Data were statistically analyzed with the SPSS 6.1.3 program. For nonparametric analysis with two independent samples the Mann -Whitney U-test was selected, and for nonparametric analysis but with more than two independent samples, the Kruskal -Wallis H-tests were used. The level of statistical significance was set at P < 0.050. Correlations were evaluated through the simple linear regression.
This study was approved by the Committee on Ethics of our hospital, and written informed consent was obtained from the parents or the responsible persons or institutions= departments. 
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Results Table 3 indicates the balance of total fat and each FA from 8 to 24 in 11 term and 31 preterm babies. In terms, total fat showed a net retention of 6.6 AE 1.1 g=kg=day, as expected, after a very constant intake and fecal excretion. This represents a 92.0% absorption. In the preterm groups it was also well absorbed, ranging from 95.0 AE 2.0% to 91.0 AE 8.0%. In Table 3 only figures above 1 mg=kg=day have been shown. In relation to the different FA the percentage of absorption in terms ranged from 99.9% for the shorter ones to 54.3% for 20:1n-15. In preterms the FA results were wider than those in the term group due to variations in formula composition. In the three groups the percentage of absorption of 8:0 -12:0 acids was very similar in spite of the significantly different intakes. LA and a-LNA (18:3n-3) were well absorbed in the three groups, around 94%, despite the greater intakes for LA in group P, or a-LNA in group T. Special mention is required for AA and DHA, only present in the PB formula. The intake for AA was 17 AE 7 mg=kg=day, fecal excretion 5 AE 4 mg=kg=day, Table 3 Individual fatty acid balance in 11 term babies on starting formula and 31 preterm babies on formula P, PA and PB Term starting formula (n ¼ 11) Formula P (n ¼ 9) Formula PA (n ¼ 9) Formula PB (n ¼ 13) Median (min -max). Kruskal -Wallis test: *P < 0.03 for C8 Abs.
with a net retention of 12 AE 5 mg=kg=day representing 75.0 AE 18.0% of absorption of the intake. For DHA the intakes were of 10 AE 3 mg=kg=day fecal excretion 3 AE 2 mg=kg=day with a net retention of 6 AE 4 mg=kg=day representing an absorption of 62.3 AE 30% from the intake. It is worthwhile noting that AA and DHA were present in feces of all babies on formula P and PA, even though they didn't contain these acids. Therefore a minor but constant loss can be expected for long-chain polyunsaturated fatty acids (LCPs). The figures were 1.2 (0.5) mg=kg=day for AA and 0.5 (0.4) mg=kg=day for DHA, but these amounts are not reflected in Table 3 because their equivalence was less than 1 mg=kg=day. The percentage of absorption (Table 3) in preterm babies did not differ for the individual FA present in the three formulas, and they were in the same range as term ones. The parallelism between terms and preterms is conspicuous in the segment comprising 8 -18s. Other data coming from the balance study were the number of vomits and regurgitations. In the term group, no vomit or regurgitation was noted. In the preterm groups, six infants vomited once during the balance period and 10 regurgitated twice or more. There were no significant differences among the groups. The other aspect was the fecal output. In term babies the weight of feces was of 6.6 AE 2.0 g=kg=day and in the preterm group, for P was 6.0 AE 2.1, for PA 8.5 AE 2.2 and for PB 8.3 AE 4.3 g=kg=day. No significant differences were observed. The data from the 29 preterms and from 11 term babies balanced for minerals are given in Table 4 . In term babies the calcium, magnesium and phosphate balances show a fairly normal intake and fecal and urinary excretion with a net retention of Ca 66.8 AE 21.6 mg=kg=day. The mineral balance showed a lower net retention in the three groups for calcium and for magnesium, as expected, in the preterm groups. This relatively high unabsorbed calcium in feces was correlated with different unabsorbed FA later on.
Discussion
We can report one main finding, which is good absorption of total fat and FA in the preterm baby comparable to those of the full terms, despite the fact that AA and DHA were not in term formula . Total fat, with a comparable intake of around 7 g=kg per day had a percentage of absorption over 91% in all four groups. In the preterm group on mediumchain fatty acids (MCFA) enriched formula (group P) absorption was 95%. This rate proved greater total fat absorption of full-term babies. Formulas with high MCFA content in preterm infants could increase lipogenesis and generate interference with LCPUFA metabolism (Carnielli et al, 1996b) . The absorption rate of the formulas supplemented with AA and DHA was 91% which turned out to be in the lower total fat absorption range obtained in the present study. These high figures coincide with the trials of the new formulas for preterms.
Absorption of fatty acids
The proportion of measured FA mixtures differed slightly from that of the label in preterm formulas, being slightly decreased in a-LNA in the three groups, and also in PB formula there was a decrease in AA and DHA. The LA= a-LNA ratio was greater than 10=1 because of the lower proportion of a-LNA. This proportion is often found in mature breastmilk, at least in our experience (Moya et al, 1999b; 10 .7=1 in 128 samples of maternal mature milk studied by us) AA and DHA contents in PB formula were 0.3 and 0.2% wt=wt lower than 0.50 and 0.33% wt=wt in the same maternal sample. This pattern is comparable to that found by another group in Spain (Dominguez-Ortega et al, 1997) and in Europe (Genzel-Borovicczeny et al, 1997) for mature milk.
FA location in intramolecular triacylglycerol structure
This can be a controversial point because many clinical experiences showed a good fat absorption when palmitic acid is in the sn-1 and=or sn-3 position (Verkade et al, 1991) . On the other hand there is the breastmilk model with 70% of palmitic acid in the sn-2 position, the proven good absorption when using lard (80% sn-2) as a source of lipids (Brooke, 1985) , or fats enzymatically interesterified (Christensen et al, 1995), or even LA being better absorbed when in an sn-2 position (Hamosh et al, 1991) . In our study, absorption of 16:0 (30% in sn-2 position) was, in the three preterm groups: P 94.8 AE 2.3%; PA 92.3 AE 6.4%; and PB 92.2 AE 7.0%, very close to that of Carnielli (Carnielli et al, 1995a,b) when using a formula with 16:0, 47% in the sn-2 position. The synthetic fat Betapol, with 74% of palmitic acid in the sn-2 position, improved fat and calcium absorption estimated by dual (44 Ca, 46 Ca) isotope tracers Table 4 Metabolic balance in 11 term babies on starting formula and 31 preterm babies on formula P, PA and PB Term starting formula (n ¼ 11) Formula P (n ¼ 9) Formula PA (n ¼ 9) Formula PB (n ¼ 13) (26) 38 (11) 119 (24) 75 (29) 48 (24) (3) m (s.d.), mg=kg=day. Urinary excretion (mg=kg=day) of Ca, Mg and P i has been measured and considered for calculating net retention. Kruskal -Wallis test: *P < 0.02 for P i %Abs.
Acid absorption in terms and preterms M Moya et al (Chappell et al, 1986) . All these figures were higher than the absorption of 16:0 in a predominant position of sn-1 and sn-3 (Lucas et al, 1997) , as in our term group (91.8 AE 4.8%). The importance of the n-2 position for improving absorption has been clearly demonstrated in the rat also for DHA (Christensen et al, 1995b) . In the newborn and in this context we should consider that the resistance to the hydrolysis by pancreatic lipase colipase dependent also depends on the fatty acid itself (double bond between carbons 5 and 6 counted from the carboxyl end) rather than on its sn position (Hernell & Bläckberg, 1992) Absorption of different FA
The greater proportion in the formulas of different FA does not affect its absorption rate very much, but prompted us to compare mainly the percentage of absorption. In this study and taking 8:0 as a representative of the MCFAs, its intake was nearly 20 times higher in P formula than PA and PB formulas. Nevertheless, the percentage of its absorption was 99% in the three groups, although significantly higher for P formula. Whether they were absorbed as triacylglycerols or as free fatty acids after pancreatic lipase colipase dependent (PLCD) action cannot be determined here, but it should be kept in mind that the shorter the chain the lower affinity for the acyl CoA ligase and then used as energetic material with their eventual side effects (Mu & Hoy, 2000) . If we now consider the 18 family, 18:0 intake was similar in the three preterm groups (400 -500 mg=kg=day); in the term group it was 508 mg=kg=day. The percentage of absorption ranged between 91 and 94% in all groups without significant differences. The greater proportion of 18:1 intake in PA and PB groups did not show any important variation in absorption rate. Considering the essential linoleic and a-linolenic acids, the intake of the latter varied greatly among the preterm groups (20 -37 mg=kg=day). Their percentage absorption was higher in the four groups ( > 90%) for a-LNA compared with linoleic and oleic acid. This good absorption of a-LNA is not followed by a parallel rise in DHA in human red blood cells. However increasing a-LNA in mother's milk causes a rise of this acid in the brain and almost every tissue of the offspring but not of DHA (Bowen & Clandinin, 2000) . In the 18 family neither the greater amount nor the fact of carrying further unsaturations conspicuously increased their uptake. Absorption was not significantly different in the term group. These values were in agreement with the published data (Carnielli et al, 1996c; Chappell et al, 1986; Nelson et al, 1996) . Probably one of the aspects most carefully considered has been the study of AA and DHA absorption. Their length and perhaps the level of insaturation modify the degree of intestinal absorption. Values found here (AA, 12 AE 5 mg=kg=day, 75.0%; DHA 6 AE 4 mg=kg=day, 62.3%) were comparable to the published data (Boehm et al, 1997) using the same supplemented formula. To compare the absorption of both when using other different formulas (Carnielli et al, 1996a; is more interesting. In the latter, the rate of absorption was slightly higher (AA, 82% and DHA 87% of the intake), due to the use of a source with phospholipids. Maybe the use of different phospholipids=triglycerides sources of LCPs could account for this (Craig-Schmidt & Huang, 1998) . In a term baby fed exclusively with breastmilk and after a 9 day balance we found (unpublished data) an intake for LA and a-LNA of 1528 mg=kg=day and of 70 mg=kg=day and for AA of 35 mg=kg=day and for DHA of 12 mg=kg=day. The fecal excretion was respectively 36.2, 1.3, 0.5 and 1.0 mg=kg=day, considerably lower than that of the studied formula. AA absorption was obscured by the importance of the adequate and better known deposits on neurological and retinal tissues of DHA, but it must be considered that the former is a precursor of the PGE 2 or its potential capacity for improving bone density in piglets (Weiler, 2000) . Calcium fatty acid soaps increase stool hardness (Quinlan et al, 1995) but their main consequences are impairment of calcium and fatty acid absorption due to the insoluble and high-melting complexes resulting from this union. We found an absorption of calcium (and magnesium) as expected for preterm and term babies in this balance study. When correlating it with unabsorbed fatty acids in feces, we did not find any association except for medium chain FA (r ¼ 0.47, P < 0.001); and not with the saturated (r ¼ 0.28, P < 0.01) or polyunsaturated FA whether belonging to n-6 (r ¼ 0.26; P < 0.05) or n-3 (r ¼ 0.28, P < 0.05) families. Perhaps the greater reactivity and carboxyl numbers of the MC fatty acid could contribute to this greater correlation. By no means are we recovering or measuring calcium soaps in the stool but simply pointing out the correlation. The data were already present in the basic paper on calcium soaps (Sammons & Wiggs, 1960) . As regards the supply and absorption of LCPUFAs one should consider that the fetal DHA stores (1050 mg at term) follow a shared pattern with other important nutrients and in this case are ensured by a specific transport mechanism relying on a placental binding protein (Dutta-Roy, 2000; Ghebresmeskel et al, 2000) . In a breastfed infant this deposit together with DHA supply could meet the requirements of brain and other tissue accretion, but if the formula does not contain the preformed DHA, this level cannot be maintained, at least during the first months of life. We conclude that, at the given amounts of different FA, their intestinal absorption is fairly good for those with chain length equal or shorter than 18 carbons. For AA and DHA and because of their lower absorption rate the supplements should be modified (new sources, bioavailibility) to achieve a post-natal accretion rate closer to a breastfed infant.
